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(54) Method for assaying nucleic acid 

(57) A method for assaying a target nucleic acid, 
comprising: providing an RNA amplification system 
comprising producing a double-stranded DNA using, as 
a template, a target RNA containing a specific nucle- 
otide sequence in a sample, said double-stranded DNA 
having a promoter sequence and being capable of tran- 
scribing an RNA comprising the specific nucleotide 
sequence or a sequence complementary to the specific 
nucleotide sequence, producing an RNA transcription 
product comprising the specific nucleotide sequence or 
a sequence complementary to the specific nucleotide 
sequence in the presence of an RNA polymerase, and 
producing the double-stranded DNA using the RNA 
transcription product as a template, in the presence of a 
probe labeled with an intercalating fluorochrome having 
a sequence complementary to the RNA transcription 
product; measuring the fluorescence intensity in the 
RNA amplification system with time; calculating a time 
when the fluorescence intensity satisfies a prescribed 
criterion based on the measured change in the fluores- 
cence intensity with time; and determining a concentra- 
tion of the target nucleic acid in the sample based on the 
calculated time. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a method for quaiitat.ely or quantitatively analyzin g , ^ ^ et ^^^"^ 
peciflc nuc,eo«de sequence, which is considered to be contained in a gene 

method is useful in the field of clinical diagnoses, such as gene d.agnosis and the like. Also, the present 

.mSL?ter qualitatively or quantitatively analyzing microorganisms in environments, such as foods, .ndoors, 

soils, rivers, ocean, and the like. 

2. Discussion of the Background 

[00021 Generally, a high specificity and a high sensitivity are required for an assay of biological. ^mponenta , An 
assay of a nucleic acid having a specific nucleotide sequence (target nucleic acid), can ^^^^^ 
acid sequence-specifically forms a complex with another nucleic acid hav.ng a sequence complementary to the spec.f.c 

nucleotide sequence (nucleic acid probe). w nhtnininn a 

[0003] wSen the target nucleic acid having a specific nucleotide sequence ,s assayed. ™™%£%Z^ 
measurable signal related to the amount of the formed complex is important: Furthermore, the amount o the target 
nSTS! which can be present in a sample is extremely small for a purpose of clinical diagnose etc so that such a 
means reauires a step for amplifying the extremely small amount of the nucleic acid. 0 „ mr , la 
S004] rignos^ of viraMnrecL. since the amount of a target nucleic acid (viral nucleic acid) ,n a c nical sample 
s often ext LeJ small a polymerase chain reaction (PCR), particularly a compete PCR. is known as a means for 
o^ng^hl* Sivity by improving the signa. strength in order to realize the measurement with high 

thTs method. PCR is earned out by adding a competitor (a different nucleic 
a primer recognizing region common to the target nucleic acid) having a known ^^^;j^^^ r 
centration of the target nucleic acid in the sample is estimated by comparing ^^^J^^^aT,. 
and the taraet nucleic acid More specifically, a nucleic acid having a sequence complementary to a primer on , its term, 
nus aTd^an be dSg^shed from the amplified product of the target nucleic acid by a separation means, such a. , .too- 
trophoresfs o^ theL 9 (e.g.. based on a different chain length) is prepared, this nucleic acid ,s added to a sample to g,ve 
respective concentrarions. and PCR of these mixtures is simultaneously earned out a tar- 

[0005] Additionally, an assay method in a homogenous system has been proposed as a method for assay n tar 
get nucleic acid using PCR. For example, an assay method has been proposed ,n whicn PCR ^J^^^ s 
ence of an intercalating fluorcchrome, the fluorescence of the reaction so.ut.on is ™«^ n •^^^ 
initial amount of the target nucleic acid is determined based on rts changes (JP-A-5-23 £1. 
herein means an "unexamined published Japanese patent application"); Igaku-no Ayum, 173 (12) ^59 96 3 0 995), 
Analytics, Biochemistry. 229: 207-213 0995)). In this assay method, the amp f,e ,d ^n^cn^r^sSS,' 
stranded DNA so that an intercalating fluorcchrome having a property to change its fluorescence <*^ 8 ^^ 
as an increase in the fluorescence intensity by intercalation into the double-stranded ^^^^^ 
chrome is added to the reaction solution in advance before amplification operation by PCR, the fluorescence mtensrty 
fr ^tr^Lion solution is measured with time, and the initial amount of the target nucleic acid ,s determined, for exam- 

KS" d OnThe'rheThS NASBA method and 3SR method are also known as ^ ^ 2^ 
these methods, a double-stranded DMA fragment containing a promoter sequence »^*"^ ^j^-^ 
using a primer containing the promoter sequence, a reverse transcriptase and nbonuclease H. an ™ A J a 

specific nucleotide sequence of the target RNA is synthesized in the presence of an RNA polymerase, ^^n a cha n 
earned out in which the RNA is subsequent^ used as the template for the synthesis of the do|«Mn»M 
C5NA containing the promoter sequence. Thereafter, the reaction is completed when the RNA .samp 
, amplified RNA is determined by an electrophoresis method or a hybnd.zat.on method using a labeled nucleic acid 

[0007] in the hybridization method using a labeled nucleic acid probe, a nucleic acid probe labeled in sue." , a man- 
ner that it aenerates a measurable signal, such as visible light, fluorescence, em.ss.on, or the like forms a complex with 
a tame nucleSd and then unreacted nucleic acid probe is washed or degraded, and the label .s measured to assay 
, th Set SaSSd A method ca.led sandwich assay is generally known, which uses two probes each comprising a 
sequence capaSe of forming a complementary bond with a specified sequence 

acid, in this method, a first probe is immobilized on an insoluble earner, and a part of a ^^f"^ " la ^'~ ™ J 
dye having a color in the visible region, a fluorescent material, or an enzyme capable of form.ng them. Then, these 
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probes are added to a sample, a specified nucleic acid in the sample is complementary bound to the first and second 
probes, and a complex composed of these three materials is formed on the insoluble carrier. Subsequently, the result- 
ant supernatant in the sample reaction solution is separated from the insoluble carrier to separate the free second 
probe (B/F separation step). Thereafter, the presence or absence and amount of the specified nucleic acid in the sam- 

5 pie are determined by measuring the label in the complex on the insoluble carrier. Also, when an enzyme which can 
form a dye having a color in the visible region or a fluorescent material is used as the second probe, the free second 
probe is removed after the complex forming step, an enzyme substrate as the precursor is added to the sample reaction 
solution, and then the presence or absence and amount of the target nucleic acid in the sample are determined by 
measuring the dye or fluorescent material which is the reaction product. 

w [0008] Since the sandwich assay uses an insoluble carrier in the reaction, solution, the second probe is nonspecif- 
ically adsorbed on the insoluble carrier. Accordingly, when the label in the complex on the insoluble carrier is measured, 
an error occurs in the measured results due to the presence of the label of the second probe nonspecifically adsorbed 
on the insoluble carrier. Thus, a problem is occurred when the presence or absence and amount of the specified nucleic 
acid in the sample are determined. Particularly, since the diagnosis of viral infection requires detection of an extremely 

75 small amount of viral nucleic acid in a clinical sample with a good reproducibility and a high sensitivity, the problem 
caused by nonspecific adsorption is an important problem to be solved. 

[0009] In order to avoid this problem, various attempts are made, such as hydrophilic treatment of the surface of the 
insoluble carrier, blocking of adsorption points of the carrier surface with a protein etc., sufficiently washing of the insol- 
uble carrier after the B/F separation step, and the like. 

20 [0010] However, in the chemical hydrophilic treatment of the carrier surface, its result depends on the material of 
the carrier, and it is not always easy technically. Also, in the method in which the carrier surface is coated with a protein 
in order to block adsorption points on the carrier surface in advance, there is a possibility that the protein interacts with 
the nucleic acid moiety or label of the second probe to cause additional nonspecific adsorption on the carrier. Addition- 
ally, in the B/F separation step, there is an operational limitation in increasing the number of times of washing. Thus, for 

25 example, when a surfactant is added to the washing solution, degradation of the complex formed on the carrier may be 
accelerated. 

[0011] In the competitive PCR method, in order to assay one test sample, it is necessary to prepare a competitor 
having various concentrations including an assumed nucleic acid concentration and carry out PCR of a sample to which 
the competitor has been added. Additionally, an separation operation, such as electrophoresis or the like, must be car- 

30 ried out by taking out the sample from the reaction container after completion of PCR. Accordingly, it is inadequate to 
applying it to clinical tests in which a large number of samples must be treated quickly and conveniently. Also, since the 
sample must be taken out from the reaction solution, a problem of causing a pseudopositive reaction due to scattering 
of the amplified product cannot be solved. Additionally, when the target is RNA, so-called RT-PCR in which PCR is car- 
ried out after once synthesizing a cDNA using the RNA as the template in the presence of a reverse transcriptase must 

35 be carried out so that it is necessary substantially to carry out two stage steps. 

[0012] In the method in which PCR is carried out in the presence of an intercalating fluorochrome, its principle is 
intercalation into a double-stranded nucleic acid. Accordingly, when double-stranded DNAs contaminant other than the 
specified nucleic acid, such as a large amount of genomic DNA and the like, are present in the test sample, the inter- 
calating fluorochrome is also intercalated into them to cause a problem of generating a large background. Also, in the 

40 PCR method, a pair of complementary oligonucleotides of the specified nucleic acid sequence are used as elongation 
reaction primers, but they mutually form a complementary bond depending on the primer sequences and, as a result, 
sometimes produce a primer dimer mutually using the other primer as the template. Since the intercalating fluoro- 
chrome nonspecifically intercalates into double-strands, it also causes a problem in that the background increases due 
to the production of such a dimer. 

45 [0013] When the NASBA method or 3SR method is used, it is possible to determine the amplified nucleic acid by 
an electrophoresis method or a hybridization method using a labeled nucleic acid probe after the reaction after amplifi- 
cation of the RNA to a sufficiently detectable amount. However, it is impossible to determine the target RNA originally 
present in the sample before the amplification. Also, when the electrophoresis method or the hybridization method 
using a labeled nucleic acid probe is carried out, there is a problem in that a pseudopositive reaction occurs due to scat- 

so tering of the amplification product 

SUMMARY OF THE INVENTION 

[001 4] Accordingly, an object of the present invention is to provide a quick, convenient and highly accurate method 
55 for assaying a target RNA (single-stranded RNA) containing a specified nucleic acid sequence originally present in the 
sample, and particularly, to provide a method by which the entire operations can be completed in a closed container. 
[001 5] Specifically, the present invention relates to the following (1) to (7). 
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(1) A method for assaying a target nucleic acid, comprising: 

providing an RNA amplification system comprising: 

producing a double-stranded DNA using, as a template, a target RNA containing -a specific nucleotide 
sequence in a sample, said double-stranded DNA having a promoter sequence and being capable of tran- 
scribing an RNA comprising the specific nucleotide sequence or a sequence complementary to the spe- 
cific nucleotide sequence; 

producing an RNA transcription product comprising the specific nucleotide sequence or a sequence com- 
- plementary to the specific nucleotide sequence in the presence of an RNA polymerase; and 
producing the double-stranded DNA using the RNA transcription product as a template, in the presence of 
a probe labeled with an intercalating fluorochrome having a sequence complementary to the RNA tran- 
scription product; 

measuring the fluorescence intensity in the RNA amplification system with time; 

calculating a time when the fluorescence intensity satisfies a prescribed criterion based on the measured 
change in the fluorescence intensity with time: and 

determining a concentration of the target nucleic acid in the sample based on the calculated time. 

(2) The method according to the above (1 ), wherein the time which satisfies a prescribed criterion is a time to reach 
a definite fluorescence intensity. 

(3) The method according to the above (1), wherein the time which satisfies a prescribed criterion is a time when 
an increasing rate of the fluorescence intensity per unit of time becomes a maximum. 

(4) The method according to any one of the above (1) to (3). wherein the concentration of the target nucleic acid is 
determined by comparing the time which satisfies a prescribed criterion with the times in at least two RNA samples 
containing the specific nucleotide sequence at a different concentration. 

(5) The method according to the above (1), wherein, in the RNA amplification system, 

a singie-stranded DNA is produced in the presence of an RNA-dependent DNA polymerase using a primer 
having a sequence complementary to the specific nucleotide sequence and a primer having a homologous 
sequence of the specific nucleotide sequence, wherein one of the primers is a promoter primer having a pro- 
moter sequence of the RNA polymerase at the 5'-side, and using the target RNA as a template; 
the double-stranded DNA is produced in the presence of a DNA-dependent DNA polymerase using the single- 
stranded DNA as a template; 

the RNA transcription product is produced from the double-stranded DNA in the presence of a RNA polymer- 
ase; and 

the RNA transcription product is subsequently used as the template for producing the single-stranded DNA in 
the presence of the RNA-dependent DNA polymerase. 

(6) The method according to the above (1), wherein a complex formed by a complementary bond between the 
probe labeled with an intercalating fluorochrome and the RNA transcription product has a fluorescence character- 
istic different from the probe labeled with an intercalating fluorochrome which is not form a complex with the RNA 
transcription product. 

(7) The method according to the above (1) or (6), wherein the probe labeled with an intercalating fluorochrome 
complementary bonds to the RNA transcription product so that the intercalating fluorochrome is intercalated 
between the produced RNA and the probe. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

Fig. 1 is a graph showing a reaction time and a fluorescence increasing rate at a concentration of 1 0 9 copies/tube 
(initial RNA amount) carried out in Example 1 . a 
Fig. 2 is a graph showing a reaction time and a fluorescence increasing rate at a concentration of 1 0 copies/tube 
(initial RNA amount) carried out in Example 1 . 

Fig. 3 is a graph showing a reaction time and a fluorescence increasing rate in at a concentration of 1 0 copies/tube 
(initial RNA amount) carried out in Example 1 . 

Fig. 4 is a graph showing a reaction time and a fluorescence increasing rate at a concentration of 1 0 copies/tube 
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(initial RNA amount) carried out in Example 1 

Sa, a f,uorescence increasing rate at a — - ^ ° s 

at ? J S n a h Cali £ ra h ti0n CU ™ pre ? ared trom the av ^ge time when the fluorescence increasing rate reached 1 2 in 
a relat,onsh,p between the reacflon time and the fluorescence increasing rate in each sample con^enSon carried 
out in Example 1 , wherein the error bar indicates ± standard deviation concentration, earned 

2,'m in 3 ^l** 0 " PrePared fr ° m the aV8rage time when the f^rescence increasing rate became a max- 
imum m a relationship between the reaction time and the fluorescence increasing rate In each Z^lIZ 
t.on carried out in Example 1 . wherein the error bar indicates ± standard deviation ' P concentra- 

JtV S 3 " ,i ^ rati0n curve P re P ared from the average time when the fluorescence increasing rate reached 1 2 in 
ouTi^C'e 1 timS and f ' UOreSCenCe inCreaSi "9 - ^ each sample Lol^VJ^ 

imum iJ? ^ 3Veraae time When the « u °™™<* increasing rate became a max . 

r^trztisr the reaction time and the f,uorescence increasing rate in each ~- 

DETAILED DESCRIPTION OF THE INVENTION 

JTmlL !° me ° f ^ PrSSent inVent0rS h3Ve devel °P ed a nucleic acid probe which has a nucleic acid sequence com- 
plementary to a specific nucleotide sequence of a target nucleic acid and is labeled with an intercalation ^uomchZL 

eZ^lSnSZ a r? SlJrable flUOrescence sj 9-' is oenerated when it is bound to the Sget 

mea uS,.fl •' NUC ' elC ™ dS ReSearch - 24 W- 4 ^2-4 9 97 (1996)). Since this nucleic acid probTgeneites a 

7a co ZZL rT e ,T al b/ f0rmin9 3 com P lement ary bond with a target nucleic acid, the presence or ab^nc! 

aLirSh t ^ V f ° rmatl0n Ca " bS detSCted and the *»* formed complementary bonded complex can be 

Z rtlllr P ° rtl0n ° f *' Pr ° be WhiCh d06S n0t f0rm * e «mptom.„t«y bond from the'eiction S y S 

ed out ^nZVTcS^T T ° f 3 tar9et RNA ° ri9ina,ly Present in a sam P' e «" bl car- 

ried out, preferably in a closed system, by amplifying the RNA by the action of nucleic acid primers and a nucleir a HH 

polymerase in the presence of this nucleic acid probe and analyzing a re.ationship b^T^niSi^SiS 
pushed ' ^ meaSUrin9 f ' UOrescence wB, time. Tnus, the present Inv^^^S 

[001 8] The present invention provides a method for assaying a single-stranded RNA (target RNA) containino a soe 

RNA K ^ orelnt'n qUenC6 , in * T"*** ^ torm " 3SSayin9 " 35 USed herein means b °* to detect : i^o7nc£nV 
roZ P th 6 and 10 analyZS the amount 0f the RNA ori 9 inall V exis t'ng in the sample 

(B) a RNA-dependent DNA polymerase; 

(C) deoxyribonucleoside triphosphate; 

(D) ribonuclease H or an enzyme having an equivalent RNA hydrolyzing activity 

^HnS lMtBnd9d ^nucleotide having (1 ) a promoter sequence of' a DNA-dependent RNA polymer- 

th ^pec* "n^Sr ,U8M k Pr0m ° ter ' (3) 3 nUC ' e0tide SSqUenCe identical to < he 5 '-d sequence of 
he specific nucleotide sequence in the target RNA, in this order from the 5'-end side* 

(F) a DNA-directed DNA polymerase; 

(G) a DNA-dependent RNA polymerase; 

(H) ribonucleoside triphosphate; and 

sequence andflatrr/" ° ,ig h ° nUCle0tide which has a "0"«nce complementary to the specific nucleotide 

3 mSaSUrable flU ° reSCenCe Sia " al is when bound to a 

rP, Jr n add ! ti0n j° thS combination of the first . second and third single-stranded oligonucleotides of the reagent (A) 
rSn^ 

(J) a first single-stranded oligonucleotide having (1) a promoter sequence of a DNA-dependent RNA polymerase, 
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(2) an enhancer, sequence of the promoter, and (3) a sequence complementary to a 3'-end sequence of the spe- 
cific nucleotide sequence in the target RNA, in this order from the 5'-end side; 

(K) a second single-stranded oligonucleotide having a nucleotide sequence identical to the 5'-end sequence of the 
specific nucleotide sequence in the target RNA; and 
5 (L) a third single-stranded oligonucleotide having a sequence homologous (identical) to the specific nucleotide 

sequence in the target RNA and is labeled in such a manner that a measurable fluorescence signal is generated 
when bound to a nucleic acid having the same sequence. 

[0020] In the above, when the first and second single-stranded oligonucleotides of (A) and (E) are used, the specific 
io nucleotide sequence is a nucleotide sequence moiety existing in the target RNA, in which. its 5*-end starts with the 
sequence of (3) in the second single-stranded oligonucleotide of (E) and the 3'-end ends with a sequence complemen- 
tary to the first single-stranded oligonucleotide of (A). Also, when the first and second single-stranded oligonucleotides 
of (J) and (K) are used, it is a nucleotide sequence moiety existing in the target RNA, in which its 5'-end starts with a 
sequence identical to the second single-stranded oligonucleotide of (K) and the 3* -end ends with a sequence compte- 
rs mentary to the sequence of (3) in the first single-stranded oligonucleotide of (J). Although the specific nucleotide 
sequence can be decided optionally, it is important that it contains a sequence moiety having such a degree of specif- 
icity that the target RNA can be distinguished from other nucleic acids. 

[0021] The reagent (A) is a first "single-stranded oligonucleotide having a complementary sequence that sequence- 
specificatly binds to a specific nucleotide sequence. This reagent complementarily binds to a target RNA, and is used 
20 for positioning a sequence complementary to the 3'-end of the specific nucleotide sequence on the 5'-end of a cDNA 
when the cDNA is synthesized by the RNA-dependent DNA polymerase using the target RNA as a template in the pres- 
ence of the following reagents (B) and (C). - 

[0022] The reagent (B) is an RNA-dependent DNA polymerase, and the reagent (C) is deoxyribonucleoside tri- 
phosphate which is its substrate. A cDNA having on its 5'-end a sequence complementary to the 3'-end of the specific 
25 nucleotide sequence in the target RNA is synthesized in the presence of the reagents (A) to (C). This cDNA forms a 
DNA-RNA double-strand with the target RNA used as a template. 

[0023] The reagent (D) is ribonuclease H having an activity of digesting the RNA in the DNA-RNA double-stranded 
form, but an enzyme having an equivalent RNA hydrolyzing activity can also be used. Since reverse transcriptases rep- 
resented by an avian myoblastoma virus reverse transcriptase (hereinafter referred to as "AMV reverse transcriptase") 

30 has an activity of cleaving the RNA in the DNA-RNA double-stranded form, such enzymes can be exemplified. 

[0.024] The reagent (E) is a second single-stranded oligonucleotide having (1) a promoter sequence of a DNA- 
dependent RNA polymerase, (2) an enhancer sequence of the promoter, and (3) a nucleotide sequence identical to the 
5'- enC | sequence of the specific nucleotide sequence, in this order from the 5'-end side. In the second oligonucleotide, 
the moiety (3) binds to the 3'-end of cDNA synthesized in the presence of the reagents (A) to (D). Consequently, in the 

35 presence of the reagents (C) and (F), respective complementary chains are synthesized by the DNA-directed DNA 
polymerase from the 3'-end of the second oligonucleotide using the cDNA as a template and at the same time from the 
3*-end of the cDNA using the second oligonucleotide, and thus a complete double-stranded DNA having a transcripta- 
ble promoter sequence is synthesized. 

[0025] The reagent (F) is a DNA-directed DNA polymerase. Since a reverse transcriptase typified by AMV reverse 
40 transcriptase has the DNA-directed DNA polymerase activity, such a type of enzyme may be used. 

[0026] The reagent (G) is a DNA-dependent RNA polymerase, and the reagent (H) is ribonucleoside triphosphate 
which is used as its substrate. The. double-stranded DNA synthesized in the presence of the reagents (C), (E) and (F) 
has a promoter region of the DNA-dependent RNA polymerase on its end. Accordingly, in the presence of the reagents 
(G) and (H), synthesis of a single-stranded RNA comprising the specific nucleotide sequence is started immediately 
45 after the DNA synthesis. Examples of the DNA-dependent RNA polymerase of the reagent (G) include T7 RNA 
polymerase, T3 RNA polymerase, SP6 RNA polymerase, and the like. 

[0027] The single-stranded RNA synthesized in the presence of the reagents (G) and (H) is an RNA comprising the 
specific nucleotide sequence. Accordingly, as a result that they are synthesized and the reagents (A) to (F) are present, 
a series of the above reactions are generated repeatedly Thus, in the present invention, a double-stranded DNA having 

so a promoter region on its end is synthesized based on an extremely smalt amount of a target RNA existing in a sample 
and becomes the source for synthesizing a single-stranded RNA comprising a specific nucleotide sequence. The thus 
synthesized single-stranded RNA contributes to synthesis of a new double-stranded DNA and, as a result, the amount 
of the single-stranded RNA comprising the specific nucleotide sequence sharply increases with the lapse of time. 
[0028] The reagent (I) is a third single-stranded oligonucleotide which has a sequence complementary to the spe- 

55 cific nucleotide sequence and is labeled in such a manner that a measurable fluorescence signal is generated when 
bound to a nucleic acid having the same sequence. The third single-stranded oligonucleotide may be, for example, a 
DNA fragment to which an intercalating fluorochrome is bound. For specific assay of the specific nucleotide sequence, 
the DNA moiety has preferably from 6 to 1 00 nucleotides, more preferably from 10 to 30 nucleotides. As a matter of 
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course, it is important that the DNA moiety is a sequence which is present in the specific nucleotide sequence and com- 
plementary to a sequence moiety that can be sufficiently distinguished from nucleic acids other than the target nucleic 
acid. 

[0029] In order to prevent elongation of the DNA moiety from its 3'-end by the action of the RNA-dependent DNA 
5 polymerase of the reagent (C) which has been already added when it forts a complementary bond with the synthesized 
single-stranded RNA comprising the specific nucleotide sequence, it is preferred that a sequence non-complementary 
to the specific nucleotide sequence is added to the 3'-end or that the 3'-end is chemically modified. 
[0030] When the DNA moiety forms a complementary bond with other nucleic acid, the intercalating fluorochrome 
intercalates into the double-stranded moiety to change its fluorescence characteristic. An example effective for this pur- 
w pose is to bind the intercalating fluorochrome to the DNA via a linker having such an appropriate molecular length that 
does not inhibit its intercalation into the double-stranded moiety. Such a linker is not particularly limited, so long as it is 
a molecule which does not inhibit intercalation of the intercalating fluorochrome into the double-stranded moiety. A 
linker molecule selected from Afunctional hydrocarbons having functional groups on both ends is particularly preferred 
due to convenience in carrying out modification of the oligonucleotide. Additionally, a commercially available reagent set 
is (C6-Thiolmodifier, trade name, manufactured by Clontech) or the like may also be used. 

[0031] The intercalating fluorochrome is not particularly limited, so long as its fluorescence characteristic is 
changed by its intercalation into the double-stranded moiety, such as fluctuation of the generated fluorescence wave- 
length, but those having a property of increasing the fluorescence intensity by intercalation are particularly preferred, 
for example, from the viewpoint of easy measurement etc. More specifically, preferred examples include thiazole 
20 orange, oxazole yellow, and derivatives thereof, which show particularly significant changes in fluorescence intensity. 
[0032] The position of DNA to which the intercalating fluorochrome is bound via a linker, such as the 5'-end, the 3'- 
end or a central part, is not particularly limited, so long as intercalation of the intercalating fluorochrome into the double- 
stranded moiety is not inhibited and a complementary bond of the DNA moiety with RNA is not inhibited. 
[0033] The amount of the single-stranded RNA synthesized by the reagents (G) and (H) using the double- stranded 
25 DNA having a promoter sequence as a template increases with time. It has been confirmed that in this reaction system, 
the fluorescence intensity increases in proportion to the amount of the synthesized RNA in the presence of the reagent 
(I) having the prooerty described above and having a sequence complementary to a certain sequence of the single- 
stranded RNA {lgaku-no Ayumi, 784(3): 239-244 (1998); Nucleic Acid Research, 24(24): 4992-4997 (1996)). 
[0034] The reagent (I) coexists with at least the reagents (A) to (B) in a sample expected to contain the target RNA, 
jo and the increased single-stranded RNA comprising the specific nucleotide sequence is measured as a fluorescence 
signal. Alsc. it has been revealed that, even when the synthesized single-stranded RNA forms a complementary bond 
with the third oligonucleotide of the reagent (I) to generate a fluorescence signal, this RNA functions as the template for 
the synthesis of the DNA in the presence of the reagents (A) to (C). Thus, according to the present invention, a series 
of phenomena, namely synthesis of cDNA, synthesis of double-stranded DNA and synthesis of RNA from the double- 
ts stranded DNA under coexisting conditions of respective reagents, are generated in the presence of the third oligonu- 
cleotide, and the fluorescence intensity increases in proportion to the increased RNA. 

[0035J An embodiment in which a combination of the first, second and third single-stranded oligonucleotides of the 
reagents (J) to (l) is used instead of the combination of the first to third single-stranded oligonucleotides of the reagents 
(A), (E) and (I) is described below. 

4a [0036] The reagent (J) is a first single-stranded oligonucleotide having (1) a promoter sequence of a DNA-depend- 
ent RNA polymerase, (2) an enhancer sequence of the promoter, and (3) a sequence complementary to a 3'-end 
sequence of the specific nucleotide sequence in the target RNA, in this order from the 5'-end side. The moiety (3) of 
this reagent complementarily binds to the 3'-end of the specific nucleotide sequence, and the cDNA complementary to 
the target RNA is synthesized in the presence of the reagents (B), (C) and (D) similar to the embodiment using the rea- 

45 gent (A). 

[0037] The reagent (K) is a single-stranded oligonucleotide having a sequence homologous to the 5'-end of the 
specific nucleotide sequence in the target RNA. The reagent (K) binds complementarily to the 3'-end of the specific 
nucleotide sequence of cDNA, and then a double-stranded DNA having the promoter sequence of the RNA polymerase 
is synthesized in the presence of the reagents (C) and (F). Subsequently, a second single-stranded RNA complemen- 
so tary to the specific nucleotide sequence is synthesized from the double-stranded DNA in the presence of the reagents 
(G) and (H). 

[0038] Thereafter, the 3'-end of the second RNA binds complementarily to the reagent (K), and a second cDNA cor- 
responding to the second RNA is synthesized in the presence of the reagents (B) to (D). The 3'-end of the second cDNA 
complementarily binds to the moiety (3) of the reagent (J), a double-stranded DNA containing a promoter sequence is 
55 synthesized by the reagents (C) and (F), and the second RNA is synthesized by the reagents (G) and (H). The thus syn- 
thesized second RNA complementary to the specific nucleotide sequence becomes the source for synthesizing a new 
double-stranded DNA to generate a series of reactions repeatedly and, as a result, the amount of the second RNA 
sharply increases. 
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[0039] The thus obtained second RNA has a sequence complementary to the specific nucleotide sequence in the 
target RNA. When the reagent (L) as a third single-stranded oligonucleotide which has a sequence identical to the spe- 
cific nucleotide sequence and is labeled with an intercalating fluorochrome is allowed to coexist, the fluorescence inten- 
sity increases in proportion to the amount of the thus synthesized second RNA. 

5 [0040] Additionally, according to the present invention, it is possible to assay a DNA containing a specific nucleotide 
sequence and is originally present in the sample. The reason for this is that, when a double-stranded DNA having a 
transcriptable promoter sequence is prepared by a known method and used as a target nucleic acid, the double- 
stranded DNA can be used as a template of the amplification reaction so that the RNA transcription product can be 
formed in the presence of a RNA polymerase. Examples of the method for preparing the double-stranded DNA having 

io a transcriptable promoter sequence include a method in which a promoter sequence is added to a target DNA using a 
promoter primer and a DNA polymerase and a method in which a DNA chain having a promoter sequence is bound to 
a target DNA using a DNA ligase. 

[0041 ] Preferably, the measurement of the fluorescence signal according to the present invention is carried out with 
time immediately after the addition of the reagents (A) to (I) or after a predetermined lapse of time of the addition. The 

75 third DNA of the reagent (I) repeats bonding and dissociation with the synthesized RNA. However, since the fluores- 
cence signal measured at the time of bonding reflects the existing amount of the RNA at the time of each measurement, 
it is possible to trace increasing conditions of the single-stranded RNA with time. Also, the measurement perse may be 
either continuous or intermittent at predetermined intervals. Furthermore, the apparatus for measuring the fluorescence 
signal does not constitute a part of the present invention, but any apparatus which can measure the fluorescence signal 

20 in at least one reaction tube continuously or intermittently at predetermined intervals may be used. 

[0042] The measuring period of the fluorescence signal includes a period during which a significant difference can 
be found between the increasing period of the fluorescence intensity of a test plot containing a certain amount of the 
target RNA and that of a test piot which is free of the target RNA, namely a period until the fluorescence intensity of the 
test plot containing a certain amount of the target RNA becomes almost constant, which is generally 4 hours, preferably 

25 1 hour. 

[0043] From a relationship between a passing time of the amplification reaction and an increase in the fluorescence 
intensity in the amplification and periodical fluorescence intensity measuring steps, a time which satisfies a prescribed 
criterion is calculated and the initial RNA amount is determined from the thus calculated time, based on a phenomenon 
that the fluorescence intensity increasing time delays at a certain rate as the target RNA originally existing in the sample 

30 (initial RNA amount) decreases. 

[0044] An example of the time which satisfies a prescribed criterion to be used herein is a time which reaches a 
certain fluorescence increasing rate (fluorescence intensity value at a predetermined time -r fluorescence intensity 
value of background) when compared with the control plot which is free of the target RNA or a time at which significant 
increase in the fluorescence intensity is not observed atthe initial stage of the RNA amplification step. More specifically, 

35 a time which exceeds three-fold of the standard deviation of fluorescence increasing rates of a plurality of control plots 
which are free of the target RNA at a predetermined time can be used. Also useful is a time when, in a relationship 
between the common logarithm of the fluorescence intensity rate and the time, the common logarithmic value of the flu- 
orescence intensity rate significantly increases in comparison with the control plot. 

[0045] Additionally, a time calculated by a certain criterion can also be determined using a time when a fluores- 
40 cence intensity rate per unit time in the fluorescence intensity rate becomes a maximum. Also, as an easily conceivable 
application example of this assay method, it is possible to analyze the fluorescence intensity rate and the time by car- 
rying out mathematical treatments, such as differentiation, logarithmic expression, approximate curve, and the like. 
Additionally, the initial RNA amount may be determined by comparing the calculated time with the case of at least two 
samples having a different known concentration. 
45 [0046] As apparent from the entire descriptions, according to the present invention, the amount of a target RNA 
(single-stranded RNA) containing a specific nucleotide sequence contained in the sample and originally existing in a 
sample can be assayed at an almost constant temperature by only one step of a manual operation carried out at the 
time of the commencement of the reaction and quickly. 

[0047] In the present invention, a double-stranded DNA having a DNA-dependent RNA polymerase promoter 
so region on its end. is synthesized based on a target RNA in a sample and becomes the source for synthesizing a large 
amount of a single-stranded RNA, and the amount of the synthesized singte-stranded RNA is sharply increased so that 
the initial RNA amount can be determined conveniently and quickly by analyzing the increasing process of fluorescence 
intensity in a step in which increase in the fluorescence due to a complementary bond of a probe labeled with an inter- 
calating fluorochrome to the formed single-stranded RNA is measured. 
55 [0048] Additionally, not only viral RNA in the field of clinical diagnosis but also microorganisms in food and soil 
including, for example, pathogenic bacteria and antibiotics-resistant bacteria can be assayed by merely changing 
sequences of the first to third oligonucleotides. 

[0049] The present invention will be described in detail based on the following examples, but the present invention 
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is not restricted by these examples. 
Example 1 

5 [0050] Relating to human hepatitis C virus RNA, a calibration curve was prepared for determining RNA originally 
existing in samples. 

(1) A portion of the nucleotide numbers 113 to 267 of human hepatitis C virus RNA (Kato et at., Proa Natl. Set'., 
USA, 87: 9524-9528, (1990)) was used as a standard RNA sample, determined by ultraviolet region absorbance. 

w at 260 nm, and then diluted with the following RNA diluent to give a concentration of 10 9 , 10 8 , 1 0 7 , 10 6 , 10 5 or 10 4 
copies/4 The diluent alone is used as a control test plot. 

Composition of RNA diluent: 

15 10rnMTris-HCI(pH 8.0) 

0.1 mM EDTA 

(2) A reaction solution having the following composition of 21 .2 \i\ was dispensed into 0.5 ml capacity tubes for PGR 
(Gene Amp Thin-Walled Reaction Tubes, manufactured by Perkin-Elmer), 4 uJ of the RNA sample was added 

20 thereto, and then 50 u,l of mineral oil was over-layered. 

Composition of reaction solution (each concentration in 30 jil of a final reaction solution volume): 

60 mM Tris-acetate buffer (pH 8.1 ); 
25 1 3.5 mM magnesium acetate; 

120 mM potassium acetate; 16% sorbitol; 
1 0 mM DDT; 

0.5 mM of each of dATR dCTP, dGTP and dTTP; 

1 mM of each of ATP, CTR GTP and UTP; 
30 1.25mMoflTP; 

0.2 |iM of the first oligonucleotide 

(Sequence (SEQ ID NO:1)) 

5'-GCCTTTCGCGACCCAACA-3'; 

0.2 |iM of the second oligonucleotide having SP6 promoter sequence 
35 (Sequence (SEQ ID NO:2)) 

S'-ATTTAGGTGACACTATAGAATACAACCTCCC G G G AG AG C C ATAG TG G TCT-3' 

(In this sequence, the " ATTTAG GTG AC ACTATA" moiety is a SP6 promoter sequence, and the "GA ATA- 

CAA" moiety is an enhancer sequence); 

0.025 u.M of the third oligonucleotide labeled with an intercalating fluorochrome 
40 (Sequence (SEQ ID NO:3)) 

S'-CTCGC-GGGGGCTG-S' 
(The symbol * indicates a labeled position with the intercalating fluorochrome.), 

wherein a chemical structure of the intercalating fluorochrome moiety of the third oligonucleotide labeled 
with an intercalating fluorochrome and used in Example 1 is shown below, and wherein B-, to B 3 indicate 
45 nucleic acid bases; 
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30 units of a ribonuclease inhibitor; 
30 2% of DMSO; and 

distilled water for volume adjustment 

(3) Arte- incubation of this reaction solution at 50°C for 5 minutes, 4.8 \i\ of an enzyme solution having the following 
composition was added. 



35 



Composition of enzyme solution; 



42 units of AMV reverse transcriptase (manufactured by Takara Shuzo Co., Ltd.); 
171 units of SP6 RNA polymerase (manufactured by Takara Shuzo Co., Ltd.); 
40 3 ug of bovine serum albumin; and 

distilled water for volume adjustment 

[0051] Subsequently, using a fluorescence spectrophotometer which is equipped with a temperature controlling 
means and can measure the PCR tubes directly, the PCR tubes were incubated at 50°C, and the fluorescence intensity 
45 of the reaction solution in each tube was measured at an excitation wavelength of 490 nm and a fluorescence wave- 
length of 510 nm at intervals of 5 minutes. 

[0052] Fluorescence increasing rates (fluorescence intensity value at a predetermined time -r fluorescence inten- 
sity value of background) in respective sample concentrations are shown in Figs. 1 to 6, wherein the time when the 
enzyme solution is added is 0 minute. Furthermore, the experiments were conducted five times at respective sample 

so concentrations, and the results are shown by various symbols (e.g., X etc.) in Figs. 1 to 6. 

[0053] Using the zero copy sample consisting of the diluent alone as the control plot, a value obtained by adding 
three-fold of the standard deviation to the average of fluorescence increasing rates after 60 minutes, namely average 
of the times when the fluorescence increasing rate reached a value of 1 .2, and the regression line by least square are 
shown in Fig. 7. A line showing good correlation was obtained with a correlation coefficient of -0.990 (y = -2.09x +■ 35.56 

55 (x: abscissa, y: ordinate)). The coefficient of variation in each concentration was 4.4% by 1 0 4 copies, 2.1 % by 1 0 s cop- 
ies, 3.1% by 10 6 copies, 7.4% by 10 7 copies, 9.1% by 10 8 copies, and 4.2% by 10 9 copies, thus showing a good repro- 
ducibility. 

[0054] In these fluorescence increasing rates, the average fluorescence increasing rate per unit time, namely a 
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time when a value ((fluorescence increasing rate - fluorescence increasing rate in the preceding measurement) + meas- 
uring interval (5 minutes)) shows a maximum, and the regression line by least square are shown in Fig. 8. The correla- 
tion coefficient was -0.955 (y = -2.2x + 43.133 (x: abscissa, y: ordinate)), and the coefficient of variation in each 
concentration was 7.8% by 10 4 copies, 0% by 10 s copies, 7.2% by 10 6 copies, 0% by 10 7 copies, 0% by 10 8 copies, 
5 and 1 1 .9% by 1 0 9 copies. 

[0055] Based on these results, it was confirmed that a calibration curve having a good reproducibility can be 
obtained by this method. 

Example 2 

w 

[0056] Using a sample A and a sample B containing a standard RNA, reproducibility and specificity were examined. 

(1) In accordance with the method of Example 1, calibration curves were prepared using a standard RNA of 10 4 
copies to 10 9 copies. A calibration curve when the time reaching a fluorescence increasing rate of 1 .2 is used as a 

75 criterion is shown in Fig. 9 (correlation coefficient: -0.987 (y = -2.0571 x +■ 35.371 (x: abscissa, y: ordinate)), and a 

calibration curve when the time of maximum fluorescence increasing rate per unit time is used as a criterion is 
shown in Fig. 10 (correlation coefficient: -0.944 (y = -2.8x + 47.2 (x: abscissa, y: ordinate)). 

(2) Using 4 u.I of each of the samples A and B containing the standard RNA, the reaction solution and enzyme solu- 
20 tion were added in the same manner as in Example 1 , each in four cycles, and then incubated at 50°C to carry out 

a fluorescence measurement at intervals of 5 minutes. In this case, the samples A and B prepared herein contained 
10 5 copies/4 u.l and 10 s copies/4 u.l, respectively. 

(3) The determination results are shown in Table 1 (common logarithm value of the initial RNA amount is expressed 
25 as an index value). In the samples A and B, determination results which almost coincided with the theoretical val- 
ues were obtained. It was able to carry out the determination within an error range of a single figure or less in all 
test plots, and the reproducibility was also excellent with a coefficient of variation of 5% or less. Based on these 
results, it was confirmed that the concentration of a specified RNA originally existing in a sample can be determined 
by this method conveniently and quickly with a good reproducibility. 

30 
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35 

[0057] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

40 [0058] This application is based on Japanese patent application No. 1 1-143854 filed on May 24, 1999, the entire 
contents of which are incorporated hereinto by reference. 

[0059] A method for assaying a target nucleic acid, comprising: providing an RNA amplification system comprising 
producing a double-stranded DNA using, as a template, a target RNA containing a specific nucleotide sequence in a 
sample, said double-stranded DNA having a promoter sequence and being capable of transcribing an RNA comprising 

45 the specific nucleotide sequence or a sequence complementary to the specific nucleotide sequence, producing an RNA 
transcription product comprising the specific nucleotide sequence or a sequence complementary to the specific nucle- 
otide sequence in the presence of an RNA polymerase, and producing the double-stranded DNA using the RNA tran- 
scription product as a template, in the presence of a probe labeled with an intercalating fluorochrome having a 
sequence complementary to the RNA transcription product; measuring the fluorescence intensity in the RNA amplifica- 

50 tion system with time; calculating a time when the fluorescence intensity satisfies a prescribed criterion based on the 
measured change in the fluorescence intensity with time; and determining a concentration of the target nucleic acid in 
the sample based on the calculated time. 
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Sequence Listing 

<110> TOSOH CORPORATION 

<120> METHOD FOR ASSAYING NUCLEIC ACID 

<150> JP P1999-143854 
<151> 1999-05-24 

<160> 3 

<210> 1 

<211> 18 ... 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence -'First oligonucleotide 

<400> 1 

gcctttcgcg acccaaca 

<210> 2 
<211> 50 
<212> DNA 

<2l3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Second oligonucleotide 
<400> 2 

atttaggtga cactatugaa tacaacctcc egggagagee atagtggtct 

<210> 3 
<1M1> 13 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
<400> 3 

ctcgcggsgg ctg 



Sequence ^Third oligonucleotide 
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Claims 



20 1. A method for assaying a target nucleic acid, comprising: 

providing an RNA amplification system comprising: 

producing a double-stranded DNA using, as a template, a target RNA containing a specific nucleotide 
25 sequence in a sample, said double-stranded DNA having a promoter sequence and being capable of tran- 

scribing an RNA comprising the specific nucleotide sequence or a sequence complementary to the spe- 
cific nucleotide sequence; 

producing an RNA transcription product comprising the specific nucleotide sequence or a sequence com- 
plementary to the specific nucleotide sequence in the presence of an RNA polymerase; and 
30 producing the double-stranded DNA using the RNA transcription product as a template, in the presence of 

'9* a probe labeled with an intercalating fluorochrome having a sequence complementary to the RNA tran- 

scription product; 



measuring the fluorescence intensity in the RNA amplification system with time; 
35 calculating a time when the fluorescence intensity satisfies a prescribed criterion based on the measured 

change in the fluorescence intensity with time; and 

determining a concentration of the target nucleic acid in the sample based on the calculated time. 

2. The method according to claim 1 , wherein the time which satisfies a prescribed criterion is a time to reach a definite 
40 fluorescence intensity. 

3. The method according to claim 1 , wherein the time which satisfies a prescribed criterion is a time when an increas- 
ing rate of the fluorescence intensity per unit of time becomes a maximum. 

o 

45 4. The method according to any one of claims 1 to 3, wherein the concentration of the target nucleic acid is deter- 
mined by comparing the time which satisfies a prescribed criterion with the times in at least two RNA samples con- 
taining the specific nucleotide sequence at a different concentration. 



5. The method according to claim 1 , wherein, in the RNA amplification system, 

50 

a single-stranded DNA is produced in the presence of an RNA-dependent DNA polymerase using a primer 
having a sequence complementary to the specific nucleotide sequence and a primer having a homologous 
sequence of the specific nucleotide sequence, wherein one of the primers is a promoter primer having a pro- 
moter sequence of the RNA polymerase at the 5'-side, and using the target RNA as a template; 
55 the double-stranded DNA is produced in the presence of a DNA-dependent DNA polymerase using the single- 

stranded DNA as a template; 

the RNA transcription product is produced from the double-stranded DNA in the presence of a RNA polymer- 
ase; and 
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the RNA transcription product is subsequently used as the template for producing the single-stranded DNA in 
the presence of the RNA-dependent DNA polymerase. 

The method according to claim 1 , wherein a complex formed by a complementary bond between the probe labeled 
with an intercalating fluorochrome and the RNA transcription product has a fluorescence characteristic different 
from the probe labeled with an intercalating fluorochrome which is not form a complex with the RNA transcription 
product. 

The method according to claim 1 or 6, wherein the probe labeled with an intercalating fluorochrome complementary 
bonds to the RNA transcription product so that the intercalating fluorochrome is intercalated between the produced 
RNA and the probe. 
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FIG 5 
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FIG. 7 
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